
















































































who	 need	 us.	 To	 everybody	 at	 Port	 Stephens	 Koalas,	 Port	Macquarie	 Koala	 Hospital,	







would	 not	 have	 been	 possible	 for	me	 to	 complete	 this	 thesis	 if	 not	 for	 your	 endless	
support,	whether	you	are	encouraging	me	to	keep	going	when	I	lose	focus,	or	to	take	a	
break	when	I	am	burnt	out,	you	always	know	how	to	make	a	bad	situation	good	again.	I	










































































































Despite	 relying	 on	 a	 very	 dominant	 and	widespread	 species	 of	 gum	 tree	 for	 survival,	

















Additional	 definitions	 of	 “functionally	 extinct”	 includes	 a	 population	 that	 is	 no	 longer	
viable;	where	there	are	not	enough	individuals	left	to	reproduce,	or	a	population	that	is	











the	 extent	 of	 a	 species	 ability	 to	 survive	 the	 stress	 of	 climate	 change	 (Narayan	 and	
Williams,	2016).	To	put	this	in	perspective,	Australia	has	warmed	~0.8°C	over	the	last	
















species	 predicted	 to	 have	 no	 suitable	 bioclimate	 available	 in	 south-east	 Australia		
(Brereton	 et	 al.,	 1995).	 Furthermore,	 under	 enhanced	 greenhouse	 scenarios,	 a	
temperature	rise	of		3.0°C	with	less	than	10%	increased	rainfall	is	predicted	to	have	the	
most	damning	impact	on	the	south-east	Australian	bioclimate	and	the	species	within	it	
(Brereton	 et	 al.,	 1995).	 The	 stress	 of	 global	 climate	 change	 is	 having	 profound	
consequences	 on	 the	 ability	 of	 ecosystems	 and	 the	 species	within	 them	 to	 adapt	 fast	
enough	 to	 ensure	 their	 survival	 (Brereton	 et	 al.,	 1995,	 Hughes,	 2003,	 Narayan	 and	




accretion	 which	 will	 reduce	 coral	 cover	 and	 survivorship	 on	 reef	 systems	 (Hoegh-
Guldberg	 et	 al.,	 2007).	 The	 stress	 of	 climate	 change,	 declining	 water	 quality	 and	
overexploitation	of	key	species	has,	and	will	continue	to	result	in	the	loss	of	diversity	in	
reef	 communities	 with	 systems	 moving	 increasingly	 towards	 the	 point	 of	 functional	
collapse	(Hoegh-Guldberg	et	al.,	2007).		
 





involves	 the	 prevention	 of	 an	 animals	 engagement	 with	 species-typical	 behaviours	
(Morgan	and	Tromborg,	2007).	 In	more	detail,	 complications	of	captivity	 that	prevent	
these	 behaviours	 can	 be	 abiotic	 (artificial	 lighting,	 loud	 or	 aversive	 sounds,	 arousing	
odours,	 uncomfortable	 temperatures	 and	 substrates),	 where	 others	 are	 confinement	




including	 the	 fact	 that	 rehabilitated	 individuals	 can	 have	 a	 low	 chance	 of	 survival	
 
 5	
following	 their	 release	 (Molony	 et	 al.,	 2006).	 Factors	 that	 affect	 post-release	 survival	
include	1)	stress	associated	with	handling	and	moving	the	animal	to	a	new	location,	2)	





climate	 change	 (Morgan	 and	 Tromborg,	 2007,	 Molony	 et	 al.,	 2006).	 If	 an	 ecosystem	
cannot	sustain	an	animal	species,	they	are	removed	and	housed	in	captivity	until	they	are	
able	 to	be	released.	However,	 there	are	stressors	associated	with	both	remaining	 in	a	
climate	change	affected	ecosystem,	and	being	held	in	captivity	pending	release	(Morgan	
and	Tromborg,	2007,	Molony	et	 al.,	 2006).	Wild	koalas	 are	overly	 sensitive	 to	human	
handling,	especially	when	already	subject	to	sub-clinical	stress	of	environmental	trauma	
and	disease	 (Obendorf,	 1983).	 A	 study	was	performed	 to	measure	 stress	 in	 koalas	 in	
response	 to	 frequent	 photography	 and	 handling	 by	 tourists	 (Webster	 et	 al.,	 2017).	
Elevated	 levels	of	 stress	were	 identified	 in	male,	but	not	 female	koalas	 in	response	 to	
frequent	photography	(Webster	et	al.,	2017).	In	response	to	handling	by	tourists,	most	
koalas	 across	 a	 range	 of	 life-history	 stages	 had	 	 exhibited	 elevated	 stress	 levels,	with	
joeys,	pregnant	or	lactating	females,	and	some	males	particularly	affected	(Webster	et	al.,	


















It	 is	known	that	glucocorticoids	play	a	 large	role	 in	the	neuroendocrine	stress	system,	
allowing	animals	to	respond	adaptively	to	a	diverse	range	of	acute,	physical,	social	and	
environmental	 stressors	 (Delehanty	 and	 Boonstra,	 2009).	 However,	 since	 the	 system	




















an	 optimal	 point	 of	 homeostasis	 (ability	 to	 adjust	 to	 maintain	 internal	 constancy)	




















to	 biodiversity	 conservation	 (Butchart	 et	 al.,	 2010).	 Among	 the	 non-native	 and	
introduced	species,	those	who	are	domesticated	(such	as	dogs	and	cats)	pose	the	greatest	
conservation	challenges	of	all,	due	to	their	close	association	with	humans	(Home	et	al.,	
2018).	 Dogs	 are	 ubiquitous	 in	 most	 terrestrial	 landscapes	 with	 global	 populations	
estimated	to	be	close	to	a	billion	(Home	et	al.,	2018).	Additionally,	the	biological	traits	
and	broad	morphological	 adaptability	of	dogs	allow	 them	 to	occur	at	densities	higher	
than	 any	 other	 similar	 sized	 wild	 carnivore	 (Home	 et	 al.,	 2018).	 Due	 to	 their	 close	
relationship	with	humans,	dogs	engage	in	free-ranging	behaviour	which	allows	them	to	
interact	 with	 wildlife	 in	 a	 number	 of	 potentially	 dangerous	 ways	 including	 direct	






the	 implementation	 of	 roads,	 agriculture	 and	 housing	 (Said	 et	 al.,	 2016).	 Habitat	
fragmentation	is	a	landscape	level	process	in	which	a	specific	habitat	is	progressively	sub-
divided	 into	 smaller,	 isolated	 fragments	 with	 altered	 adjacency	 patterns	 and	 spatial	
characteristics	 (Said	 et	 al.,	 2016).	 Essentially,	 when	 habitat	 is	 reduced	 through	







increasingly	 fragmented	 as	 they	 are	 converted	 into	 roads,	 space	 for	 agriculture	 and	
houses	(Cheptou	et	al.,	2017).	For	koalas,	habitat	fragmentation	presents	as	a	stressor	as	












will	 become	 uninhabitable	 (Adams-Hosking	 et	 al.,	 2011).	 However,	 if	 climate	 change	
persists,	refugia	may	not	be	a	viable	possibility	for	some	species,	especially	those	who	
rely	on	a	single	tree	species	for	their	survival	(such	as	koalas).	It	is	believed	that	animals	




(Ellis	 et	 al.,	 2002,	 Seabrook	 et	 al.,	 2011).						
	
In	 some	 situations,	 stressors	 can	 be	managed	 so	 that	 they	 are	merely	 acute,	 and	 the	
animal	can	manage	them	quick	enough	so	as	not	to	cause	serious	damage	to	their	body.	
However,	it	is	when	these	stressors	continually	persist	that	they	prevent	the	body	from	






The	 stress	 response	 is	 a	 reaction	 to	 an	unpredictable,	 uncontrollable	 and/or	 aversive	




















experienced	 is	acute	(short	 lived),	 then	the	body	can	return	to	homeostasis	 through	a	




and	 Bergman,	 2017,	 Narayan	 and	 Williams,	 2016).	 Ongoing	 stress	 can	 diminish	 the	
feedback	 loop	 and	 lead	 to	 over	 expression	 of	 glucocorticoids	 (Narayan	 and	Williams,	



















(Beehner	 and	 Bergman,	 2017).	 Generally	 speaking,	 activation	 of	 the	 HPA	 axis	 and	
exposure	to	chronic	stress	has	been	proven	to	subsequently	decrease	an	animals	health	
and	 longevity	 (Juster	 et	 al.,	 2010).	 This	 is	 because	 chronic	 stress	 has	 shown	 to	 be	
connected	with	a	number	of	adverse	health	effects	and	disorders,	most	likely	the	result	
of	 the	 reallocation	 of	 resources	 during	 the	 stress	 response,	 as	 the	 body	 gives	 higher	
priority	to	survival	over	maintenance	(Sapolsky,	2004,	Whirledge	and	Cidlowski,	2010).	
Some	of	the	major	negative	health	implications	associated	with	chronic	stress	include	the	














rate	 than	 females,	making	 it	 possible	 that	males	 are	more	vulnerable	 to	 insult	during	
gestation	(Emack	et	al.,	2008).	Furthermore,	 reduced	body	weight	after	gestation	as	a	
result	of	maternal	 stress	 can	be	 critical	 to	 the	 survival	of	offspring	 through	 increased	
evolutionary	 disadvantages	 such	 as	 a	 decrease	 in	 species	 specific	 biological	 fitness	
(Emack	et	al.,	2008).	The	negative	consequences	of	excessive	glucocorticoid	production	





Activation	of	 the	HPA	axis	 in	response	 to	stress	has	been	shown	to	 influence	 immune	




et	 al.,	 2016).	Glucocorticoid	production	can	have	profound	physiological	 effects	on	an	
animals	 immunological	 process	 via	 the	 receptors	 on	 immune	 cells	 and	 changes	 in	
immune	gene	expression	in	target	tissues	(Hing	et	al.,	2016).	Glucocorticoids	influence	






limited	 and	 time-limited	 fashion,	 but	 have	 instead	 gone	 awry	 (Chrousos,	 2009).	 The	
negative	 consequences	 of	 excessive	 glucocorticoid	 production	 on	 disease	 in	 koalas	
include	 inflamed	 tissues	 or	 systemic	 infection,	 anti-chlamydial	 antibodies	 as	 a	 sign	 of	






balance	 is	 disrupted,	 so	 is	 fertility	 (Whirledge	 and	 Cidlowski,	 2010).	 When	 stress	 is	
encountered	 in	 females,	 the	 production	 of	 glucocorticoids	 inhibits	 the	 release	 of	
gonadotropin-releasing	hormone	(GnRH)	(Whirledge	and	Cidlowski,	2010,	Wingfield	and	
Sapolsky,	2003).	GnRH	is	the	hormone	responsible	for	the	release	of	follicle-stimulating	
hormone	 (FSH)	 (FSH	 stimulates	 the	 ovarian	 follicle,	 causing	 an	 egg	 to	 grow),	 and	
luteinizing	hormone	(LH)	(LH	initiates	ovulation	by	releasing	the	egg),	both	key	parts	of	
reproduction	 (Whirledge	 and	 Cidlowski,	 2010,	 Wingfield	 and	 Sapolsky,	 2003).	 The	
impact	 of	 glucocorticoid	 production	 on	 reproduction	 results	 in	 an	 extended	 follicular	






mediates	 preparation	 of	 the	 uterine	 wall	 for	 implantation	 during	 the	 luteal	 phase)	
(Wingfield	 and	 Sapolsky,	 2003).	 Secondly,	 stress	 in	most	 species	 decreases	 proactive	
female	behaviours	designed	to	increase	the	likelihood	of	sex	(i.e.	proceptivity),	as	well	as	
responsiveness	to	proceptive	behaviours	on	the	part	of	a	male	(i.e.	receptivity)	(Wingfield	
and	 Sapolsky,	 2003).	 When	 stress	 is	 encountered	 in	 males,	 the	 production	 of	
glucocorticoids	 precedes	 a	 decline	 in	 testosterone	 concentration	 (Whirledge	 and	
Cidlowski,	 2010).	 Leydig	 cells	 are	 responsible	 for	 the	 production	 of	 testosterone,	 the	
hormone	 required	 to	 regulate	 male	 fertility.	 Elevated	 glucocorticoids	 are	 known	 to	
decrease	 testosterone	 biosynthesis	 by	 Leydig	 cells,	 as	 well	 as	 induce	 Leydig	 cell	
apoptosis,	and	spermatogonia	apoptosis	within	the	seminiferous	tubules	(Whirledge	and	
Cidlowski,	 2010).	 Arguably,	 far	 more	 suppressive	 than	 a	 decrease	 in	 testosterone	 is	
erectile	 function	 (Wingfield	 and	 Sapolsky,	 2003).	 Erectile	 dysfunction	 stems	 from	 the	
complex	 interplay	 between	 parasympathetic	 and	 sympathetic	 activation	 of	 the	
autonomic	 nervous	 system,	 with	 parasympathetic	 tone	 being	 a	 prerequisite	 for	 an	
erection	 in	most	species,	and	the	transition	to	sympathetic	 tone	mediating	ejaculation	
(Wingfield	 and	 Sapolsky,	 2003).	 As	 a	 result,	 the	 production	 of	 glucocorticoids	 during	
stress	can	block	the	capacity	for	an	erection	(inability	to	establish	parasympathetic	tone),	
or	 can	 cause	 premature	 ejaculation	 (accelerating	 the	 transition	 to	 sympathetic	 tone)	
(Wingfield	and	Sapolsky,	2003).	The	negative	consequences	of	excessive	glucocorticoid	






of	 stress	 (Narayan	 et	 al.,	 2013).	 When	 measured,	 glucocorticoids	 have	 the	 ability	 to	
represent	 chronic	 stress	 and	 measuring	 chronic	 stress	 can	 provide	 insight	 into	 an	



































glucocorticoids	 in	 laboratory,	 domestic,	 zoo	 and	 free-ranging	 animals	 (Sheriff	 et	 al.,	
2011).	 There	 have	 been	multiple	 studies	 performed	 that	 have	 successfully	 evaluated	
glucocorticoids	in	excreta	to	determine	its	effectiveness	in	measuring	stress	(Millspaugh	





samples	 can	 easily	 be	 collected	 from	 animals	 in	 the	 field	 after	 an	 observer	 notes	
defecation	(Ganswindt	et	al.,	2010).	For	smaller	animals,	live-trapping	is	often	required	
to	collect	their	faecal	samples,	however	this	is	less	invasive	than	the	capture	and	handling	
associated	 with	 blood	 and	 saliva	 collection	 (Sheriff	 et	 al.,	 2011).	 The	 primary	 issue	
associated	with	this	method	is	that	faecal	samples	cannot	provide	as	many	physiological	
















Once	 samples	 from	 one	 of	 the	 aforementioned	 biological	 samples	 are	 collected,	 an	
analyses	 called	 an	 immunoassay	 should	be	performed	 (Sheriff	 et	 al.,	 2011).	The	most	
common	types	of	immunoassays	performed	are	either	a	radioimmunoassay	(RIA)	or	an	
enzyme	 immunoassay	 (EIA)	 (Sheriff	 et	 al.,	 2011).	 Both	 RIA	 and	 EIA	 are	 competitive	









and	 validity	 of	 results	 (Sheriff	 et	 al.,	 2011).	 The	 four	 general	 validation	 requirements	
applied	to	measure	glucocorticoids	are	specificity,	parallelism,	accuracy	and	limitations	
(Buchanan	 and	 Goldsmith,	 2004,	 Mostl	 et	 al.,	 2005).	 Specificity	 is	 important	 in	 an	
immunoassay	to	ensure	a	false	result	is	not	reached.	It	ensures	that	other	steroids	known	
to	 be	 present	 in	 the	matrix	 do	 not	 interfere	 significantly	 with	 the	 immunoassay	 and	
therefore	skew	the	results	 (Sheriff	et	al.,	2011).	Parallelism	helps	 to	demonstrate	 that	
serial	dilutions	of	the	sample	result	in	a	linear	decrease	in	immunoassay	values	that	are	
parallel	 to	 the	 standard	 curve	 (Sheriff	 et	 al.,	 2011).	 Accuracy	 ensures	 that	 added	
glucocorticoids	over	a	range	of	concentrations	correlate	directly	to	the	amount	recovered	
by	extraction	(Sheriff	et	al.,	2011).	And	finally,	 limitations	of	the	immunoassay	include	











Australian	 marsupial	 species,	 the	 koala.	 This	 will	 be	 achieved	 through	 3	 different	
research	projects.		
	












care	 within	 South	 Australia.	 Measuring	 haematology	 is	 a	 traditional	 biomarker	 of	
immune	function,	whereby	blood	samples	consisting	of	leukocyte	counts,	neutrophil	to	
lymphocyte	ratios,	and	urea	levels	are	tested	to	detect	trends	between	stress	and	disease.	




Chapter	4	 aims	 to	perform	an	 innovative	pilot	 study	whereby	glucocorticoids	will	be	
measured	in	hair	samples	for	45	wild,	rescued	koalas	admitted	into	clinical	care	within	
New	South	Wales.	The	extraction	of	glucocorticoids,	in	particular	cortisol,	has	been	seen	
as	 an	 effective	 biomarker	 of	 chronic	 stress	 as	 seen	 in	 species	 including	 amphibians,	
marsupials	and	mammals,	however	no	such	research	has	been	performed	to	date	where	
cortisol	is	extracted	from	koala	hair	in	order	to	assess	chronic	stress.	It	is	hypothesised	











induce	 stress,	 which	 in	 turn	 influences	 the	 onset	 of	 disease.	 This	 study	 performed	 a	








and	 male	 koalas	 were	 found	 to	 be	 released	 more	 than	 any	 other	 age	 or	 gender.	

















In	 theory,	 Australia	 should	 have	 relatively	 few	 conservation	 concerns;	 it’s	 population	
density	is	low	(~3km-2)	by	global	standards	(~50km-2),	most	of	the	continent	remains	
sparsely	settled	and	little	modified,	and	the	nation	is	relatively	affluent	(Sanderson	et	al.,	
2002).	 However,	 since	 1788,	 30	mammal	 species	 endemic	 to	 Australia	 have	 become	
extinct,	with	55	others	experiencing	a	worsened	conservation	status	(Woinarski	et	al.,	
2015).	Koalas	 are	 a	 folivorous	marsupial	whose	distribution	 is	 tied	 to	 its	 food	 source	
(Woinarski	et	al.,	2015).	Koalas	living	in	the	North-East	of	Australia	have	experienced	a	
40%	clearance	of	ideal	habitat	and	a	population	decline	of	80%	since	1990	(Rhodes	et	al.,	








is	 not	 the	 biggest	 threat	 affecting	 populations	 of	 koalas	 in	 Australia	 (Narayan	 and	
Williams,	2016).	Climate	change	not	only	results	in	koalas	being	affected	by	drought,	but	
increasing	 global	 temperatures	make	 it	 hard	 for	 koalas	 to	 thrive	within	 their	 natural	
habitat	(Narayan	and	Williams,	2016).	Furthermore,	human	population	growth	is	highest	
throughout	 the	 East	 of	 Australia,	 which	 amplifies	 competition	 for	 suitable	 habitat	
between	koalas	and	humans	(Narayan	and	Williams,	2016).	Therefore,	 it	 is	absolutely	
necessary	 that	 the	 conservation	 status	 for	 this	 species	 be	 re-evaluated	 as	 koala	
populations	 throughout	 Australia	 increasingly	 dwindle	 and	 their	 suitable	 habitat	 is	
minimised.		
 
As	 outlined	 in	 a	 study	 of	 koalas	 living	 in	 the	 south	 of	 Australia,	 the	 biggest	 threats	












Astudillo	 et	 al.,	 2017).	 Due	 to	 increased	 stress	 from	 global	 climate	 change	 and	 the	
amplified	presence	of	humans	across	suitable	koala	habitat,	there	is	a	high	proportion	of	




rely	 on	 frequency-dependent	 transmission,	 such	 as	 chlamydia	 disease,	 can	 influence	
population	dynamics	by	increasing	mortality	from	wasting	and	blindness,	and	decreasing	
population	recruitment	through	impairment	of	reproduction	(Gonzalez-Astudillo	et	al.,	
2017).	 However,	 studies	 have	 found	 that	 diseases	 such	 as	 chlamydia	 only	 play	 a	






affects	gender	and	age.	 It	has	 shown	 that	HPA	axis	 response	patterns	differ	markedly	
between	 variables	 such	 as	 gender	 (male	 &	 female),	 and	 age	 (adult,	 joey,	 juvenile	 &	
mature)	 (Verma	 et	 al.,	 2011,	 Maniam	 et	 al.,	 2014).	 This	 is	 because	 individuals	 have	
varying	biological	capabilities	to	respond	to	the	stressors	which	elicit	a	responses	from	
the	release	of	glucocorticoids	(Maniam	et	al.,	2014).	Both	human	and	animal	studies	have	
shown	 that	 males	 and	 females	 react	 differently	 from	 a	 physiological	 perspective	 in	
response	to	stress	(Verma	et	al.,	2011).	Studies	show	that	females	produce	a	higher	level	
of	 cortisol	 in	 response	 to	 stress	 when	 compared	 to	males	 (Verma	 et	 al.,	 2011).	 This	
finding	 reflects	 an	 increased	 sensitivity	 of	 the	 adrenal	 cortex	 in	 females	 compared	 to	



























was	 granted	 by	Western	 Sydney	 University	 (A12373).	 Admission	 forms	 and	 hospital	
records	for	12,543	wild	koalas	admitted	to	one	of	three	locations	(Port	Stephens	Koalas,	
Port	Macquarie	Koala	Hospital	 and	 Friends	 of	 the	Koala)	 over	 a	 29-year	 period	were	




of	summarising	 the	data	 to	determine	patterns,	and	 these	 tests	 included	a	descriptive	
statistical	 analysis	 and	 a	 generalised	 linear	 model.	 Age	 was	 plotted	 against	 both	 the	




results	were	displayed	 in	 separate	 column	graphs.	Place	was	plotted	against	both	 the	
admission	outcome	and	prognosis	 and	 the	 results	were	displayed	 in	 separate	 column	
graphs.	And	finally,	year	was	plotted	against	both	the	admission	outcome	and	prognosis	















for	 all	 12,543	 koala	 patients	was	 used	 to	 graph	 the	 frequency	 of	 both	 prognosis	 and	
disease.	Percentages	of	total	koalas	admitted	to	clinical	care	based	on	both	prognosis	and	






























The	 suburbs	 where	 koalas	 were	 most	 frequently	 found	 prior	 to	 being	 admitted	 into	

















The	 suburbs	 where	 koalas	 were	 most	 frequently	 found	 prior	 to	 being	 admitted	 into	















A	 total	 of	 12,543	wild	 koalas	were	 admitted	 to	 one	 of	 three	 locations	 (Port	 Stephens	
Koalas,	Port	Macquarie	Koala	Hospital	and	Friends	of	the	Koala)	over	a	29-year	period	





environment.	 Of	 all	 12,543	 koalas	 over	 the	 three	 locations,	 34.49%	 were	 given	 the	

























































































a	 tick	 infestation,	 having	 koala	 retrovirus,	 having	 injuries	 to	 one	 or	many	 claws,	 and	
having	an	injury	to	one	or	both	legs.	The	patients	that	were	given	the	prognosis	disease	














































































A	 total	 of	 12,543	wild	 koalas	were	 admitted	 to	 one	 of	 three	 locations	 (Port	 Stephens	
Koalas,	Port	Macquarie	Koala	Hospital	and	Friends	of	the	Koala)	over	a	29-year	period	
(1989-2018).	Each	koala’s	outcome	was	recorded	after	their	time,	whether	long	or	short	




release,	 and	member	 of	 the	 public	would	not	 hand	 the	 koala	 over	 to	 the	 carer.	Of	 all	










































































































being	 attacked	 by	 a	 snake,	 having	 an	 unknown	 prognosis,	 or	 being	 displaced	 in	 an	








koalas	 include	 joey,	 juvenile,	 adult,	mature	and	unknown,	 and	outcome	categories	 for	
koalas	include	being	absent	on	arrival,	providing	advice	to	the	member	of	public,	died	in	
care,	dead	on	arrival,	euthanised,	still	in	care,	member	of	the	public	refusing	to	admit	the	










an	 analysis	 was	 performed	 to	 compare	 their	 prognosis	 with	 their	 gender.	 Gender	






being	 attacked	 by	 a	 snake,	 having	 an	 unknown	 prognosis,	 or	 being	 displaced	 in	 an	








an	 analysis	 was	 performed	 to	 compare	 their	 outcome	 with	 their	 gender.	 Gender	
categories	 for	 koalas	 include	male,	 female	 and	 unknown,	 and	 outcome	 categories	 for	
koalas	include	being	absent	on	arrival,	providing	advice	to	the	member	of	public,	died	in	
care,	dead	on	arrival,	euthanised,	still	in	care,	member	of	the	public	refusing	to	admit	the	















being	 an	 orphan,	 being	 attacked	 by	 a	 snake,	 having	 an	 unknown	 prognosis,	 or	 being	
displaced	 in	 an	unsuitable	 environment	 (some	prognosis	 categories	were	 excluded	 in	
figures	as	 they	weren’t	 statistically	 significant).	The	prognosis	 that	occurred	 the	most	
between	 all	 three	 locations	 was	 disease	 (34.4%),	 and	 the	 location	 category	 that	 was	
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an	 analysis	 was	 performed	 to	 compare	 their	 outcome	 with	 their	 location.	 Location	
categories	for	koalas	include	Port	Stephens,	Port	Macquarie	and	Lismore,	and	outcome	
categories	for	koalas	include	being	absent	on	arrival,	providing	advice	to	the	member	of	
public,	 died	 in	 care,	 dead	 on	 arrival,	 euthanised,	 still	 in	 care,	 member	 of	 the	 public	
refusing	 to	 admit	 the	 koala	 to	 the	 hospital,	 record	 of	 sighting,	 released	 into	 the	wild,	
relocated	to	a	new	location,	released	themselves/escaped	from	clinical	care,	transferred	
to	 another	 caring	 facility	 or	 organisation,	 unable	 to	 capture,	 and	 unknown	 (some	
outcome	categories	were	excluded	in	figures	as	they	weren’t	statistically	significant).	The	
outcome	that	occurred	the	most	between	all	three	locations	was	released	(20.7%)	and	











environment	 (some	 prognosis	 categories	 were	 excluded	 in	 figures	 as	 they	 weren’t	
statistically	significant).	The	prognosis	that	occurred	the	most	between	1989-2018	was	
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Tests of Model Effects 
Source 
Type III 
Wald Chi-Square df Sig. 
Age 60.701 3 0.000 
Gender 2.456 1 0.117 
Year Admitted 1.003 1 0.316 
Parameter Estimates 
Parameter Exp(B) 
95% Wald Confidence Interval for Exp(B) 
Lower Upper 
Age Mature 2.267 1.654 3.107 
Age Juvenile 1.091 .628 1.895 
Age Joey .345 .105 1.138 
Age Adult 1     
Gender Male .658 .520 .832 
Gender Female 1     






















Tests of Model Effects 
Source 
Type III 
Wald Chi-Square df Sig. 
Age 45.020 3 0.000 
Gender .400 1 0.527 
Year Admitted 16.344 1 0.000 
Parameter Estimates 
Parameter Exp(B) 
95% Wald Confidence Interval for Exp(B) 
Lower Upper 
Age Mature 2.378 1.370 4.128 
Age Juvenile .156 .074 .332 
Age Joey .276 .115 .666 
Age Adult 1     
Gender Male 1.125 .782 1.618 
Gender Female 1     





















Tests of Model Effects 
Source 
Type III 
Wald Chi-Square df Sig. 
Age 102.316 4 0.000 
Gender 1.510 1 0.219 
Year Admitted 3.337 1 0.068 
Parameter Estimates 
Parameter Exp(B) 
95% Wald Confidence Interval for Exp(B) 
Lower Upper 
Age Mature .985 .062 15.778 
Age Juvenile .433 .345 .542 
Age Joey .411 .327 .518 
Age Adult 1     
Gender Male .925 .817 1.049 
Gender Female 1     






was	no	significant	 trend	between	gender	and	release	 (p=0.683),	however	 there	was	a	
significant	 trend	 between	 age	 and	 release	 (p=0.000)	 and	 year	 admitted	 and	 release	
(p=0.000)	(table	7).	Within	Port	Stephens,	results	show	that	for	age,	mature	koalas	are	
0.762	times	as	likely	to	be	released	than	adult	koalas,	juvenile	koalas	are	2.097	times	as	
likely	 to	be	released	than	adult	koalas,	and	 joey	koalas	are	0.345	times	as	 likely	 to	be	









Tests of Model Effects 
Source 
Type III 
Wald Chi-Square df Sig. 
Age 20.514 3 0.000 
Gender .167 1 0.683 
Year Admitted 28.403 1 0.000 
Parameter Estimates 
Parameter Exp(B) 
95% Wald Confidence Interval for Exp(B) 
Lower Upper 
Age Mature .762 .566 1.026 
Age Juvenile 2.097 1.274 3.452 
Age Joey .345 .165 .723 
Age Adult 1     
Gender Male 1.042 .855 1.270 
Gender Female 1     






was	 no	 significant	 trend	 between	 age	 and	 release	 (p=0.211)	 and	 gender	 and	 release	
(p=0.865),	 however	 there	was	 a	 significant	 trend	 between	 year	 admitted	 and	 release	
(p=0.000)	(table	9).	Within	Port	Macquarie,	results	show	that	for	age,	mature	koalas	are	
0.650	times	as	likely	to	be	released	than	adult	koalas,	juvenile	koalas	are	1.325	times	as	
likely	 to	be	released	than	adult	koalas,	and	 joey	koalas	are	0.691	times	as	 likely	 to	be	
released	than	adult	koalas	(table	10).	Furthermore,	results	show	that	for	gender,	male	










Tests of Model Effects 
Source 
Type III 
Wald Chi-Square df Sig. 
Age 4.510 3 0.211 
Gender .029 1 0.865 
Year Admitted 97.709 1 0.000 
Parameter Estimates 
Parameter Exp(B) 
95% Wald Confidence Interval for Exp(B) 
Lower Upper 
Age Mature .650 .349 1.209 
Age Juvenile 1.325 .766 2.290 
Age Joey .691 .335 1.428 
Age Adult 1     
Gender Male .966 .650 1.436 
Gender Female 1     





















Tests of Model Effects 
Source 
Type III 
Wald Chi-Square df Sig. 
Age 95.736 4 0.000 
Gender 10.968 1 0.001 
Year Admitted 159.195 1 0.000 
Parameter Estimates   
Parameter Exp(B) 95% Wald Confidence Interval for Exp(B) 
  Lower Upper 
Age Mature 0.000 0.000 .a 
Age Juvenile 1.549 1.215 1.976 
Age Joey 2.850 2.264 3.589 
Age Adult 1   
Gender Male 1.297 1.105 1.522 
Gender Female 1   




The	aim	of	 this	 study	was	 to	perform	a	 retrospective	analysis	of	wild,	 rescued	koalas	




visited	 included	Port	Stephens	Koalas,	 located	 in	Port	Stephens,	Port	Macquarie	Koala	








East	 Coast	 of	 Australia	 (figure	 1,	 2	 &	 3).	 Identifying	 habitat	 preference	 is	 central	 to	
conservation,	and	it	is	important	to	understand	why	koalas	are	located	on	the	East	Coast	
of	 Australia,	 and	 what	 are	 the	 threats	 that	 lead	 to	 their	 admission	 into	 clinical	 care.	
Habitat	is	a	species-specific	concept	defined	as	“the	resources	and	conditions	present	in	
an	area	that	produce	occupancy”	(Callaghan	et	al.,	2011).	For	koalas,	their	home-range	







differences	 in	nutritional	 value	and	 subsequent	 food	 selection	by	koalas	between	and	
among	eucalyptus	species	(Moore	et	al.,	2004).	Studies	have	shown	that	there	is	a	higher-
frequency	 of	 visitation	 by	 koalas	 compared	 to	 other	 species	 to	 eucalypts	 such	 as	 the	





this	 suggests	 that	 foliar	 chemistry	 may	 influence	 koala	 distribution	 and	 abundance	
(Moore	and	Foley,	2005).	Despite	koalas	existing	in	their	suitable	home	ranges	along	the	
East	Coast	of	Australia,	their	populations	are	experiencing	a	steep	decrease	and	many	are	






wildlife	 management	 tool	 employed	 to	 establish,	 re-establish	 or	 augment	 wildlife	
populations,	 particularly	 in	 response	 to	 intentional	 habitat	 destruction,	 to	 minimise	
human-wildlife	conflicts,	and	to	reduce	densities	of	over-abundant	species	(Whisson	et	
al.,	 2012).	 Previously,	 translocation	 has	 been	 used	 in	 the	 management	 of	 koala	
populations	to	reduce	the	effect	of	high-density	populations	on	forest	habitats,	and	lessen	
the	risk	of	density-related	animal	welfare	issues	(Whisson	et	al.,	2012).	One	study	aimed	
to	 research	 the	 success	 of	 translocation	 on	 koala	 populations,	 as	 it	 is	 a	 possible	
conservation	option	 for	koala	populations	 currently	 experiencing	 a	 steep	home	 range	
decline.	 Between	 1997	 and	 2007,	 over	 3000	 koalas	 were	 captured,	 sterilised	 and	
translocated	to	other	home-ranges	in	mainland	Australia	(Whisson	et	al.,	2012).	Results	
of	the	translocation	revealed	densities	of	<0.4	koalas/hectare,	despite	release	densities	
of	 1.0	 koalas/hectare	 (Whisson	 et	 al.,	 2012).	 Radiotracking	 indicated	 that	 the	 low	
densities	could	be	attributed	to	a	37.5%	mortality	of	translocated	individuals	within	the	






a	 direct	 result	 of	 human	activity,	most	 notably	habitat	 destruction	 and	 fragmentation	
(figure	 1,	 2	&	 3).	We	 are	 also	 aware	 that	 koalas	 do	 not	 exhibit	 high	 survival	 rates	 in	











al.,	 2016).	 Chlamydia	 is	 primarily	 a	 sexually	 transmitted	 infection	 in	 koalas,	 however	
there	 is	 anecdotal	 evidence	 for	 vertical	 transmission	 (Waugh	 et	 al.,	 2016).	 Efforts	 to	
understand	this	disease	have	found	ocular	infections	of	chlamydia	can	lead	to	debilitating	












































higher	 expectations	 on	 females	 over	 males	 are	 likely	 why	 our	 results	 indicated	 that	




over	 each	 year.	 Despite	 this,	 the	 proportion	 of	 koalas	 released	 decreased	 across	 all	
locations.	During	1990,	the	Australian	population	was	estimated	at	17,041,431	people,	
and	by	2018,	was	estimated	at	24,772,247	people.	The	difference	of	7,730,816	people	


















in	 Lismore.	Analysing	 admission	 records	was	performed	with	 the	 aim	of	 determining	
trends	in	clinical	admissions	and	diagnosis	over	a	period	of	29	years.	The	first	hypothesis,	
that	there	will	be	a	difference	between	the	prognosis	and	outcome	of	koalas	based	on	









The	 second	 hypothesis,	 that	 there	 will	 be	 a	 difference	 between	 the	 prognosis	 and	
outcome	of	koalas	based	on	location	admitted	into	care	(Port	Stephens,	Port	Macquarie	
&	Lismore),	can	be	accepted.	The	most	frequent	occurring	prognosis	for	koalas	admitted	
into	 care	within	 Port	 Stephens	 and	 Port	Macquarie	was	 based	 on	 unsuitable	 habitat,	
whereas	in	Lismore	disease	was	most	common.	The	most	frequent	occurring	outcome	for	














For	 adult	 koalas,	 the	most	 frequent	 occurring	 prognosis	was	 disease,	while	 the	most	
frequent	 occurring	 outcome	 was	 advice	 only.	 	 For	 joey	 koalas,	 the	 most	 frequent	
occurring	 prognosis	 was	 disease,	 while	 the	 most	 frequent	 occurring	 outcome	 was	
released.	For	juvenile	koalas,	the	most	frequent	occurring	prognosis	was	disease,	while	
the	most	frequent	occurring	outcome	was	released.	Finally,	for	mature	koalas,	the	most	
frequent	 occurring	 prognosis	 and	 outcome	 were	 disease	 released	 respectively.	 The	
prognosis	and	outcome	of	koalas	admitted	into	care	remained	the	same	for	joey,	juvenile	
and	 mature	 aged	 koalas,	 but	 differed	 for	 adult	 aged	 koalas,	 indicating	 that	 koala	































to	 lymphocyte	 ratios,	 and	 urea	 levels.	 The	 outcome	 of	 this	 research	 delivers	 a	 better	
understanding	between	stress	and	disease	detection	in	rescued	wild	koalas	in	order	to	
meet	 their	 individual	 needs	within	 a	 clinical	 setting,	 and	 therefore	 strengthening	 the	




nephrosis	 and	 koala	 retrovirus.	 Furthermore,	 the	 results	 highlighted	 that	 leukocyte	
counts,	neutrophil	to	lymphocyte	ratios,	and	urea	readings	are	all	feasible	measures	of	
disease	 influenced	by	physiological	 stress.	This	 is	because	 the	majority	of	koalas	who	
were	diagnosed	with	a	disease	had	altered	leukocyte	counts,	neutrophil	to	lymphocyte	
ratios,	 and	 urea	 readings.	 The	 use	 of	 haematological	 biomarkers	 is	 significant	 to	 the	
conservation	of	koalas	as	it	helps	to	ensure	population	security	by	detecting	and	treating	




There	 are	 multiple	 sources	 of	 stress	 affecting	 koalas,	 predominately	 including	
anthropogenic	 driven	 environment	 change	 such	 as	 land	 clearing	 and	 habitat	
fragmentation	(Narayan	and	Williams,	2016,	McAlpine	et	al.,	2017,	Finn	and	Stephens,	
2017).	Anthropogenic	driven	environmental	change	is	shown	to	be	a	contributing	factor	
as	 to	why	koalas	are	 listed	as	 “vulnerable	 to	extinction”	with	a	decreasing	population	
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trend	 (Woinarski	 and	 Burbidge,	 2016).	 The	 definition	 of	 stress	 is	 highly	 contentious,	
however	 it	 can	 be	 broadly	 defined	 as	 a	 challenge	 to	 an	 animals	 regular	 capacity	 that	
activates	the	‘fight	or	flight’	response,	or	a	disturbance	in	an	animals	allostasis	(discussed	
in	chapter	1)	(Hing	et	al.,	2016).	Responding	to	stress	involves	activating	the	HPA	axis,	
which	 is	 a	 complex	 and	 essential	 negative-feedback	 system	 involving	 glucocorticoids	
among	other	neuro-endocrine	mediators	(Hing	et	al.,	2016).	The	prolonged	and	excessive	
production	of	 glucocorticoids	 in	 response	 to	 stress	prevents	 the	HPA	axis	 reaching	 	 a	
recovery	phase,	and	this	results	in	the	dysfunction	of	the	negative	feedback	mechanism	
(Chrousos,	2009).	When	this	occurs,	subsequent	health	implications	can	develop	such	as	







infected	 and	 not	 infected	 with	 leptospirosis	 in	 order	 to	 further	 understand	 the	
biomarkers	associated	with	this	disease	(Sohail	et	al.,	2017).	Results	indicated	that	horses	
infected	with	leptospirosis	showed	a	significant	decrease	in	red	blood	cells,	haemoglobin	
and	 platelets,	 while	 leukocytes,	 neutrophils,	 eosinophils,	 basophils	 and	 lymphocytes	




enteritis	 showed	a	 significant	decrease	 in	blood	plasma,	 and	a	 significant	elevation	 in	
urea	 (Bhat	 et	 al.,	 2013).	 Dysbiosis	 is	 an	 intestinal	microbe	 imbalance	 encountered	 in	
feline	breeds	(Kathrani	et	al.,	2017).	One	study	took	blood	from	cats	both	infected	and	
not	 infected	with	dysbiosis	 in	 order	 to	 further	 understand	 the	 biomarkers	 associated	
with	 this	 disease	 (Kathrani	 et	 al.,	 2017).	 Results	 indicated	 that	 cats	 infected	 with	
dysbiosis	 showed	 a	 significant	 decrease	 in	 blood	 taurine	 (Kathrani	 et	 al.,	 2017).	




blood	 taurine)	 are	 very	 useful	 tools	 for	 diagnosing	 disease	 in	 animals	 admitted	 into	
veterinary	clinics	(Rishniw	et	al.,	2012).	
	






assist	 in	 the	 immune	 response	 (Gordon-Smith,	 2013).	 Additional	 to	 leukocytes,	
neutrophil	 to	 lymphocyte	ratios	are	components	of	white	blood	cells	 that	assist	 in	the	
immune	 response	 through	 their	 susceptibility	 to	 stress	 (Gordon-Smith,	 2013).	
Neutrophils	 divide	 and	 enter	 the	 blood	 stream	 to	 combat	 infection	 by	 eating	 foreign	
bacteria,	whereas	 lymphocytes	work	 to	make	 two	 types	of	 antibodies	 to	 fight	 foreign	
bacteria,	 T-type	 and	 B-type	 antibodies	 (Gordon-Smith,	 2013).	 Increased	 levels	 of	
leukocytes,	 or	 dramatic	 neutrophil	 to	 lymphocyte	 ratios	 in	 blood	 are	 indicative	 of	 a	
disease	 that	 is	 acting	 to	 compromise	 immunity	 (Gordon-Smith,	 2013).	 Chlamydia	 is	 a	
diseases	 associated	 with	 compromised	 immunity	 in	 koalas,	 and	 measuring	 levels	 of	











Using	 haematological	 biomarkers	 such	 as	 leukocyte	 counts,	 neutrophil	 to	 lymphocyte	
ratios	and	urea	readings,	this	study	aims	to	assess	physiological	stress	in	rescued	koalas	
admitted	 into	 care	 at	 the	Adelaide	Koala	 and	Wildlife	Hospital	 throughout	 2017.	 It	 is	








was	 granted	 by	Western	 Sydney	 University	 (A12373).	 Admission	 forms	 and	 hospital	
records	for	30	adult	wild	koalas	(21	male,	9	female)	admitted	to	the	Adelaide	Koala	and	











conducted	 for	 the	 admission	 diagnosis	 of	 adult	wild	 koalas	 (n=30)	 and	 this	 data	was	
plotted	 in	a	pie	graph.	Leukocyte	counts	were	plotted	against	the	admission	diagnosis	
and	 this	was	 displayed	 as	 a	 column	 graph.	 Both	 high	 and	 low	 reference	 ranges	were	
included	 as	 a	 line	 graph.	 Neutrophil	 to	 lymphocyte	 ratios	 were	 plotted	 against	 the	



























































The	 normal	 reference	 interval	 for	 a	 leukocyte	 reading	 in	 helathy	 koalas	 is	 anything	
between	2.8	and	11.2	x109/L.	Any	reading	less	than	2.8	x109/L	is	considered	low,	and	any	


















































































































































































































































































































































































































































































































however	 the	 koala	 patients	 with	 a	 high	 urea	 reading	 included	 those	 diagnosed	 with	

















































































































































































































































Evaluating	 biomarkers	 of	 the	 immune	 system	 in	 koalas	 such	 as	 leukocyte	 counts,	




January	2017	and	November	2017,	34%	were	diagnosed	with	 renal	 failure	 (figure	1).	
Comparatively,	another	study	has	identified	renal	failure	as	the	most	common	diagnosis	
in	rescued	wild	koalas	 in	South	Australia	(Narayan	and	Williams,	2016).	Renal	 failure,	
also	 known	 as	 acute	 kidney	 injury,	 is	 characterised	 by	 the	 rapid	 loss	 of	 the	 kidneys	




suspects	 that	 there	 is	 a	 link	 between	 the	 potentially	 nephrotoxic	 levels	 of	 aluminium	




absorption	 through	 eucalyptus	 leaves	 is	 increased	due	 to	 the	 koalas	 herbivorous	diet	

























Neutrophils	 and	 lymphocytes	 are	 two	 components	 of	 white	 blood	 cells	 which	 when	
analysed	as	a	ratio,	are	a	clear	representation	of	physiological	stress	(Narayan	and	Hero,	
2011).	 A	 normal	 ratio	 in	 koalas	 is	 represented	 as	 a	 percentage	 of	 neutrophils	 to	
lymphocytes,	and	should	be	40:55	(Dickens,	1975).	Any	reading	of	neutrophils	which	is	
higher	than	40%,	in	addition	to	any	reading	of	lymphocytes	which	is	lower	than	55%,	can	
be	 classed	 as	 abnormal	 (Dickens,	 1975).	 Neutrophil	 to	 lymphocyte	 ratios	 act	 as	 a	
physiological	 indicator	 of	 stress	 in	 its	 role	 through	 temporary	 redistribution	of	white	
blood	cells	to	areas	of	the	body	where	they	are	most	needed	during	the	stress	response	
(Davis	and	Maerz,	2011).	Examples	of	where	white	blood	cells	redistribute	to	include	the	
epidermis	 to	 either	 fight	 an	 infection	or	 close	 a	wound	 (Davis	 and	Maerz,	2011).	The	





crystals,	 one	 of	 two	 koalas	 diagnosed	 with	 broken	 bones,	 all	 koalas	 diagnosed	 with	
calcium	 oxalate	 nephrosis,	 the	 one	 koala	 diagnosed	 with	 chlamydia,	 the	 one	 koala	
diagnosed	with	dental	infection,	the	one	koala	diagnosed	with	head	trauma,	the	one	koala	




ratios	and	 immune	function	 in	 frogs	displays	a	 trend	between	abnormal	neutrophil	 to	
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lymphocyte	 ratios	 and	disease	 (Gervasi	 et	 al.,	 2013).	 In	one	 study,	 infectious	diseases	
were	 studied	 by	 understanding	 the	 host-pathogen	 relationship	 using	 neutrophil	 to	
lymphocyte	 ratios	 in	 the	blood	of	 frogs	with	a	bacterial	disease	 (Gervasi	et	al.,	2013).	






Blood	urea	nitrogen	 is	 determined	by	 the	 complex	balance	between	urea	production,	
urea	metabolism,	and	urea	excretion,	and	is	moderated	by	a	number	of	renal	and	non-
renal	dependent	factors	(Beier	et	al.,	2011).	Where	blood	urea	nitrogen	is	not	a	direct	
factor	 in	 system	 dysfunction,	 it	 is	 associated	 with	 an	 increased	 severity	 of	 renal	
systematic	 illnesses	 (Beier	 et	 al.,	 2011).	 For	 example,	 elevated	blood	urea	nitrogen	 is	
corelated	with	increased	mortality	in	patients	already	suffering	with	heart	related	issues	






interaction	 between	 urea	 readings	 and	 immune	 function	 in	 dogs	 displayed	 a	 trend	
between	 high	 urea	 readings	 and	 disease	 (Steinbach	 et	 al.,	 2010).	 In	 one	 study,	 the	








Using	 haematological	 biomarkers	 such	 as	 leukocyte	 counts,	 neutrophil	 to	 lymphocyte	







can	 be	 accepted	 that	 blood	 biochemistry	 profiles	 are	 effective	 in	 the	 assessment	 of	
physiological	 stress	and	can	be	used	 in	disease	diagnosis	on	an	 individual/case	needs	
basis.	 Leukocyte	 counts	 are	 effective	 in	 assessing	 immune	 function,	 neutrophil	 to	
lymphocyte	ratios	are	a	clear	representation	of	physiological	stress,	and	urea	readings	




































growth,	 reproduction	 and	 function	 of	 the	 immune	 system.	 This	 study	 measured	
glucocorticoids	 in	 the	 koala	 –	 an	 effective	 biomarker	 of	 chronic	 stress	 consisting	 of	
hormones	such	as	cortisol.	Hair	samples	were	analysed	for	45	koala	patients	which	were	
admitted	 to	 the	 Port	Macquarie	 Koala	 Hospital	 during	 December	 of	 2017	 through	 to	
September	of	2018.	Measuring	glucocorticoids	has	proven	to	be	an	effective	method	of	






results	 indicated	 that	although	there	was	no	significant	difference	 in	cortisol	 readings	
between	each	diagnosed	prognosis,	koalas	suffering	with	a	‘disease’	produced	the	highest	
cortisol	readings.	The	outcome	of	this	research	indicates	that	hair	is	a	successful	and	non-
invasive	 tool	 to	 measure	 chronic	 stress	 in	 koalas.	 Future	 studies	 will	 benefit	 as	 the	
methodologies	used	in	this	research	can	be	adapted	in	healthy,	non-stressed	koalas	to	










process	of	dividing	 large	continuous	habitats	 into	small	patches	of	 land,	 isolated	 from	





fuel,	 fibre	 and	water	 (Aukema	et	 al.,	 2017).	The	destruction	of	Australian	 ecosystems	
through	 biodiversity	 change	 is	 having	 catastrophic	 consequences	 on	many	Australian	
native	species,	including	koalas	(Sandhu	et	al.,	2012).	These	consequences	include	stress,	
which	 can	 have	 negative	 physiological	 effects	 including	 the	 suppression	 of	 growth,	
reproduction	and	function	of	the	immune	system	(discussed	in	chapter	1).	
	
Measuring	 an	 animal’s	 glucocorticoid	 production	 is	 a	 common	 indicator	 used	 to	




caused	by	 a	 short-term	negative	 situation	where	 the	 individual	 is	 able	 to	quickly	 and	
completely	recover	(Narayan	and	Parisella,	2017).	The	production	of	cortisol	however,	is	





thought	 to	 incorporate	blood-borne	hormones	during	 its	growth	phase,	 it	 is	 relatively	
stable,	and	any	cortisol	detected	in	hair	reflects	physiological	stress	experienced	over	the	
period	 of	 hair	 growth	which	 can	 be	weeks	 through	 to	months	 (Mastromonaco	 et	 al.,	
2014).	Acquiring	samples	to	measure	cortisol	such	as	blood	plasma,	blood	serum,	saliva,	
urine,	faeces	and	hair	aren’t	always	a	stress-free	process	due	to	the	pressure	associated	
with	 capture	 and	 handling	 of	 that	 animal	 (Mastromonaco	 et	 al.,	 2014).	However,	 any	
stress	experienced	during	capture	and	handling	 to	acquire	hair	 is	not	 likely	 to	 impact	
glucocorticoid	 levels	 in	 hair	 samples	 so	 long	 as	 they	 are	 collected	 concurrently,	 thus	
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term	 stress	 in	 a	 number	 of	 animals,	 and	 include	 studies	 on	 caribou,	 reindeer,	 grizzly	
bears,	rhesus	monkeys,	muskoxen	and	brown	bears	(Ashley	et	al.,	2011,	Macbeth	et	al.,	
2010,	Dettmer	et	al.,	2012,	Di	Francesco	et	al.,	2017,	Cattet	et	al.,	2014).	For	example,	
adrenaline	 was	 injected	 in	 Alaskan	 caribou	 and	 reindeer,	 and	 glucocorticoids	 were	
successfully	measured	through	both	their	faecal	and	hair	samples.	(Ashley	et	al.,	2011).	
Free-ranging	grizzly	bears	with	high	 levels	of	cortisol	due	 to	being	exposed	 to	human	














solvents	 used	 in	 the	 wash	 (Meyer	 et	 al.,	 2014).	 The	 sample	 is	 then	 extracted	 and	





that	 used	 ethanol	 was	 successful	 for	 extracting	 cortisol	 from	 human	 amniotic	 fluid	
(Aderjan	 et	 al.,	 1977).	 Additionally,	 a	 study	 that	 used	 isopropanol	was	 successful	 for	
extracting	 cortisol	 from	human	hair	 and	nails	 (Nejad	and	Ghaseminezhad,	2016).	Our	
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preliminary	 studies	 found	 methanol	 produce	 the	 best	 results	 when	 used	 to	 extract	
cortisol	 in	koala	hair	 (Charalambous	&	Narayan,	2019).	Furthermore,	 it	 is	common	to	




To	 date,	 no	 such	 research	 has	 been	 performed	where	 hormones	 such	 as	 cortisol	 are	
extracted	from	koala	hair	in	order	to	assess	chronic	stress.	This	study	aims	to	measure	
physiological	 stress	 in	 rescued	 koalas	 by	 using	 a	 pre-determined	 cortisol	 extraction	







was	 granted	 by	Western	 Sydney	 University	 (A12373).	 Additionally,	 a	 laboratory	 risk	












was	 shaved	 either	 from	 the	 nape	 of	 the	 neck	 or	 the	 left	 arm	 using	 standard	 animal	
clippers.	The	hair	was	shaved	as	close	as	possible	to	the	skin,	so	as	to	ensure	the	skin	was	
not	cut.	The	hair	was	then	placed	in	a	pouch	made	of	aluminium	foil	and	stored	below	








placed	 into	 a	 labelled	 15	millilitre	 centrifuge	 tube.	 This	 process	was	 repeated	 until	 a	





complete	 separation	 between	 liquid	 and	 hair.	 The	 liquid	was	 discarded	 into	 a	 waste	
container	and	the	hair	samples	were	placed	into	a	small	labelled	plastic	weighing	boat.	
Each	weighing	boat	was	stored	in	a	vacuum	desiccator	and	the	hair	was	left	to	dry	for	3	
days.	Once	dry,	 each	hair	 sample	was	 transferred	 from	 the	weighing	boat	 into	a	new,	
labelled	2ml	centrifuge	tube.	Three	3.2-millimetre	chrome	steel	beads	were	placed	into	
each	centrifuge	 tube,	 then	propped	 into	a	Tissue	Lyser	bead	mill	and	pulverised	 for	2	
minutes	 at	 30	 shakes	 per	 second.	Once	 each	 of	 the	 45	 hair	 samples	were	 completely	
pulverised,	 they	were	placed	into	a	new,	 labelled	1.5	millilitre	microcentrifuge	tube.	A	
pipette	 was	 used	 to	 place	 1.5	millilitres	 of	 90%	 analytical	 grade	methanol	 into	 each	
centrifuge	tubes	containing	a	hair	sample.	Each	of	the	45	centrifuge	tubes	were	capped	








cortisol	 standards	were	 prepared	 by	 labelling	 6	 1.5	millilitre	 centrifuge	 tubes	 for	 the	
























































































using	 a	 pre-determined	 cortisol	 extraction	 technique	 in	 samples	 of	 hair	 from	 koalas	
admitted	 into	care.	Our	preliminary	studies	 found	methanol	 to	produce	better	 results	
when	used	to	extract	cortisol	in	koala	hair,	compared	with	solvents	such	as	ethanol	and	
isopropanol.	Ethanol,	methanol	and	isopropanol	are	all	primary	alcohols	that	are	bonded	
by	 hydrogen	 molecules	 and	 are	 commonly	 used	 as	 solvents	 in	 hormone	 extraction	
experiments	(Kanse	et	al.,	2014).	Generally,	polar	substances	dissolve	best	in	other	polar	
substances,	whereas	non-polar	substances	dissolve	best	in	other	non-polar	substances.	
The	 alcohol	 group	 containing	methanol	 are	 very	 polar	 solvents,	 whereas	 the	 alcohol	
group	containing	 isopropanol	 are	very	non-polar	 solvents.	Due	 to	 its	molecular	build,	
alcohol	groups	containing	ethanol	have	the	advantage	of	being	both	a	polar	and	non-polar	
solvent.	 Steroid	 hormones	 such	 as	 cortisol	 are	 considered	 non-polar,	 meaning	 that	
cortisol	should	have	a	positive	solvent	relationship	with	both	primary	alcohol	solutions	
ethanol	and	isopropanol.	However,	contrary	to	this,	our	preliminary	studies	proved	that	








(Beehner	 and	Bergman,	 2017).	 However,	 the	 body	 retains	 a	 baseline	 level	 of	 cortisol	
which	must	 first	be	considered	when	determining	 if	 levels	of	 cortisol	are	excessive	 in	
response	to	particular	stressors	(Narayan	et	al.,	2013).	Since	there	have	been	no	previous	
studies	that	analyse	cortisol	in	hair,	there	are	no	current	baseline	levels	to	compare	the	
results	 of	 this	 research	 with.	 It	 is	 incorrect	 to	 compare	 baseline	 and	 elevated	 faecal	
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cortisol	 levels	with	 baseline	 and	 elevated	hair	 cortisol	 levels;	 however,	 trends	 can	be	
analysed	to	allow	for	possible	comparisons	until	proper	baseline	hair	cortisol	level	are	
known.	A	previous	study	on	captive	koalas	in	Queensland,	Australia	was	performed	with	
the	 aim	 of	 determining	 the	 sub-lethal	 effects	 of	 environmental	 stressors	 on	 the	
physiology	of	koalas	in	captivity	and	in	the	wild	(Narayan	et	al.,	2013).	Four	koalas	had	
faecal	 samples	 collected	 with	 the	 aim	 of	 determining	 baseline	 faecal	 cortisol	 levels	
additional	 to	 elevated	 faecal	 cortisol	 levels	 in	 response	 to	 glucocorticoid	 injections	






between	 baseline	 faecal	 cortisol	 levels	 and	 faecal	 cortisol	 levels	 after	 injections	 of	
adrenocorticotropic	 hormone	 were	 as	 follows:	 Arthur	 54.7%,	 Irwin	 39.43%,	 Carrie	
24.13%	and	Erna	224%	(Narayan	et	al.,	2013).	The	elevated	faecal	cortisol	levels	in	the	
Queensland,	Australia	koalas	are	significantly	lower	than	the	hair	cortisol	levels	for	the	
koalas	 in	 this	 study.	This	 could	be	because	 the	Port	Macquarie,	Australia	koalas	were	
significantly	more	stressed	than	the	Queensland,	Australia	koalas,	however	as	previously	
mentioned,	 it	 is	 unknown	 if	 faecal	 cortisol	 results	 and	 hair	 cortisol	 results	 are	
comparable.		
	
Results	 indicate	 that	each	prognosis	 (disease,	dog,	 fire,	HBC,	unknown	and	unsuitable	
environment)	given	to	all	45	wild	rescued	koala	patients	admitted	to	the	Port	Macquarie	
Koala	Hospital	between	December	of	2017	 through	 to	September	of	2018	produced	a	




axis	 to	 reach	 a	 recovery	 phase,	 resulting	 in	 dysfunction	 of	 the	 negative	 feedback	
mechanism	 and	 the	 onset	 of	 subsequent	 health	 impairments	 (Bonier	 et	 al.,	 2009).	 In	
terms	 of	 disease,	 the	 cost	 of	 the	 HPA	 axis	 not	 reaching	 a	 recovery	 phase	 involves	
increased	 susceptibility	 to	 disease,	 shedding	 of	 infectious	 agents	 and	 a	 shift	 in	 host-
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are	dramatically	 altering	 the	habitats	 in	which	 animals	 dwell	 (Donnelly	 and	Marzluff,	
2006).	The	 change	 in	 suitable	habitat	 such	as	 the	decline	of	 forest	 cover	dramatically	
expands	 the	 likelihood	 of	 mortality	 and	 morbidity	 in	 koalas	 (Narayan	 and	Williams,	
2016).	Koalas	 living	 in	 fragmented	habitats	 are	 forced	 to	 increase	 their	movement	 in	
search	 for	 food	 (Davies	 et	 al.,	 2013b,	 Davies	 et	 al.,	 2013a).	 This	 increases	 their	
vulnerability	to	predation,	in	particular	to	dogs,	who	view	koalas	as	prey	and	therefore	
koalas	are	at	 a	high	 risk	at	being	attacked	 (Davies	et	 al.,	 2013b,	Davies	et	 al.,	 2013a).	
Furthermore,	as	koalas	are	forced	to	move	further	for	food,	they	increase	the	probability	
of	 falling	victim	 to	vehicle	 trauma	as	 roads	are	being	placed	between	 interconnecting	
koala	 habitats	 (Davies	 et	 al.,	 2013b,	 Davies	 et	 al.,	 2013a).	 As	 koalas	 are	 increasingly	
needing	 to	 search	 for	 suitable	 food	 sources	 in	 locations	 further	 away,	 this	 species	 is	
finding	 itself	 in	 areas	 outside	 of	 their	 niche	 (Donnelly	 and	Marzluff,	 2006).	Whether	
koalas	are	sustaining	injuries	from	disease,	being	hit	by	cars,	being	attacked	by	dogs,	or	





















































offsets	 for	 unavoidable	 impacts	 on	high	quality	 koala	 habitat,	 regulated	by	 the	
Planning	Act	2016,	contributes	to	the	rehabilitation,	establishment	and	protection	
of	koala	habitat.	








1) The	 South	 Australian	 Koala	 Conservation	 and	 Management	 Strategy	 which	 is	
committed	 to	 safeguarding	 the	 welfare	 of	 koalas	 by	 increasing	 the	 social,	










2) Saving	 our	 Species	 Iconic	 Koala	 Project	 which	 aims	 to	 inform	 future	 koala	
conservation	 actions	 through	 a	 combination	 of	 threat	 mitigation,	 research,	
monitoring	and	community	engagement.	





are	 being	 admitted	 into	 clinical	 care	 throughout	Australia,	 however	 there	 is	 only	 one	
policy	among	all	three	states	in	Australia	which	assists	in	guiding	the	volunteer	groups	
responsible	 for	 the	 rescue,	 rehabilitation	 and	 release	 of	 koalas.	 Furthermore,	 the	
aforementioned	Rehabilitation	of	Protected	Fauna	Policy	was	effected	in	2001,	and	was	
last	modified	in	2010.	Currently,	the	primary	focus	of	this	policy	revolves	around	issuing	




protecting	 the	 habitat	 they	 depend	 on.	 	 Minimisation	 of	 chronic	 stress	 is	 the	 most	
effective	means	of	safeguarding	individual	 fitness,	 thus	it	 is	 imperative	that	sources	of	
stress	are	identified	and	mitigated.		
	




presented	 with	 the	 same	 stressors	 regardless	 of	 which	 Australian	 state	 they	 are	 in.	
Within	this	Koala	Protection	Act,	there	would	be	a	renewed	focus	on	the	koala	by	focusing	















the	 research	 performed	 in	 chapter	 2	 is	 being	 prepared	 to	 be	 submitted	 to	 another	
academic	 journal.	 Additionally,	 Dr	 Edward	 Narayan	 and	 I	 intend	 on	 furthering	 the	





















































































































































































































































































































































































































































































































































































































































































































































































































100% Ethanol Line Fit  Plot
Cortisol Standard
Linear (Cortisol Standard)





























Standards Conc. (pg/ml) OD 1 OD 2 OD 3 %B/TB 1%B/TB 2%B/TB 3 Mean SD CV% Logit pg/well Koala fur cortisol conc.
1 100 0.29 0.28 0.30 76.55 72.85 78.14 75.85 2.71 3.57 1.14 125.71
2 200 0.25 0.30 0.28 65.98 78.93 73.38 72.77 6.49 8.93 0.98 152.88
3 400 0.23 0.23 0.19 59.64 61.76 51.19 57.53 5.59 9.72 0.30 348.02
4 800 0.14 0.13 0.17 35.87 34.81 35.34 0.75 2.11 -0.60 1044.80
5 1600 0.09 0.10 0.13 24.77 25.83 25.30 0.75 2.95 -1.08 1865.22
6 3200 0.05 0.07 0.09 13.94 18.69 24.77 19.13 5.43 28.38 -1.44 2879.61
Extract solvent (100%) Samples OD 1 OD 2 OD 3 %B/TB 1%B/TB 2 Mean SD CV% Logit pg/well pg/ml pg/g ng/mg
Ethanol 1 0.03 0.03 8.65 8.12 8.39 0.37 4.45 -2.39 9091.00 363639.83 2424.27 3.03
2 0.03 0.03 8.12 6.80 7.46 0.93 12.52 -2.52 10600.44 2120088.17 14133.92 17.67
5 0.03 0.03 8.92 7.33 8.12 1.12 13.80 -2.43 9483.26 1896652.73 12644.35 15.81
6 0.04 0.03 9.71 8.65 9.18 0.75 8.14 -2.29 8064.09 1612817.03 10752.11 13.44
Methanol 7 0.25 0.13 67.04 34.81 50.92 22.79 44.76 0.04 480.58 96116.08 640.77 0.80
8 0.15 0.13 39.83 34.28 37.05 3.92 10.59 -0.53 954.81 190962.75 1273.09 1.59
9 0.17 0.12 45.90 31.37 38.64 10.27 26.59 -0.46 879.98 175995.40 1173.30 1.47
11 0.12 0.09 31.90 24.24 28.07 5.42 19.30 -0.94 1570.72 314144.90 2094.30 2.62
12 0.15 0.10 38.51 26.35 32.43 8.59 26.50 -0.73 1222.63 244525.64 1630.17 2.04
Isopropanol 13 0.03 0.03 7.07 8.39 7.73 0.93 12.09 -2.48 10128.02 2025603.59 13504.02 16.88
14 0.03 0.03 7.33 7.07 7.20 0.19 2.59 -2.56 11111.65 2222329.97 14815.53 18.52
15 0.02 0.02 4.95 6.54 5.75 1.12 19.51 -2.80 14877.15 2975430.15 19836.20 24.80
16 0.03 0.04 6.80 9.71 8.26 2.05 24.89 -2.41 9283.63 1856726.12 12378.17 15.47
17 0.03 0.03 7.07 7.07 7.07 0.00 0.00 -2.58 11383.26 2276652.48 15177.68 18.97
18 0.03 0.02 8.65 6.01 7.33 1.87 25.48 -2.54 10850.92 2170183.11 14467.89 18.08
